Groundwater has been recognized as playing a very important role in the development of Abuja, Nigeria's Capital as many households, private and government establishments depends solely on hand-dug wells and boreholes for their daily water needs. Exploitation of groundwater is rather delicate because of its potency to contamination and difficulty to remediate when compared to surface water. The purpose of this paper is to present the occurrence of nitrate in groundwater of Abuja and discuss the implication and sources of the nitrate. High nitrate level in drinking water leads to infant methaemoglobinaemia (blue-baby syndrome), gastric cancer, metabolic disorder and livestock poisoning. A simplified map of nitrate occurrences in Abuja indicates that some areas have nitrate concentration above the WHO and NSDWQ guide limit of 50 mg/l and it is dominant in the rainy season than dry season. The number of people drinking water with nitrate concentration above the permissible level cannot be quantified presently. The sources of nitrate in the groundwater were attributed to bedrock dissolution in the course of groundwater migration and more importantly anthropogenic activities such as on-site sanitation, waste dumpsites and agricultural chemicals. Water treatment by bio-denitrification and nitrate pollution control programs should be introduced at local, state and federal levels in order to educate people on the need to protect groundwater from nitrate pollution caused by agricultural activity and indiscriminate disposal of wastes.
Introduction
The problem of nitrate pollution in groundwater is a common global phenomenon and has been reported by various authors in many parts of Nigeria (Egboka & Ezeonu, 1990; Uma, 1993; Edet, 2000; Adelana & Olasehinde, 2003; Amadi, 2010) . The presence of nitrate in groundwater can be derived from natural and/or anthropogenic sources. The soil/rock-water interactions can result to weathering and enrichment of the groundwater with ammonium ions, since groundwater quality is a function of the chemical composition of the soil/rock through which it passes (Amadi, 2010) . The chemistry of groundwater is generally conditioned by the nature of the rock formation through which it flows. The sources and distribution of nitrate in groundwater have been studied in some details in Botswana (Staudt, 2003; Vogel et al., 2004; Schiwiede et al., 2005; Stadler, 2005) , Namibia (Heaton, 1984; Wrabel, 2005) and South Africa (Tredoux, 2004; Tredoux et al., 2005) . These studies have shown that pollution by anthropogenic activities is the main source of high and variable levels in groundwater. Such activities includes inappropriate on-site sanitation and wastewater treatment, improper sewage sludge drying and disposal, livestock concentration at watering points near boreholes and farming activities by application of nitrogenous fertilizers.
Nitrogen is a major constituent of the earth's atmosphere, comprising nearly 80 % of the air we breathe (Berner & Berner, 1987) . Gaseous nitrogen can be found in many forms such as N 2 , N 2 O, NO, NO 2 , NH 3 and NH 4 (Comly, 1987; Kross et al., 1993) . Although there are many sources of nitrogen (both natural and anthropogenic) that could potentially lead to the pollution of groundwater with nitrates, the anthropogenic sources are really the ones that most often cause the amount of nitrate to rise to a dangerous level (Hallberg & Keeney, 1993) . Some major sources of potential nitrate contamination in groundwater includes: sites used for disposal of human and animal sewage, industrial wastes related to food processing and application of nitrogen-rich fertilizers to crops (Burkart et al., 1993) . Enrichment of nitrate in groundwater via human activities is largely an environmental issue and needs to be approached as such. Concentration of nitrate above 50 mg/l in drinking water should generate concern due to the health implications (WHO, 2004) .
High concentration of nitrate in drinking water causes infant methaemoglobinaemia, a disease commonly known as 'blue baby' syndrome and at higher levels, livestock poisoning (Canter, 1996) . Records have shown that infants are exposed to unsafe levels of nitrate in drinking water when it is used to mix formula milk or other type of baby food, where children are not breast-fed and the risk is aggravated by bacteria pollution and malnutrition (Colvin, 1999) . Although there is no accurate statistics on infant methaemoglobinaemia in Abuja, several cases have been reported elsewhere (WHO, 2004) . The overall lack of data on the morbidity and mortality of infant methaemoglobinaemia gave rise to this study, which is aimed at providing baseline information on the occurrence and aerial extend of nitrate in Abuja groundwater system.
Groundwater contamination in Nigeria is of great concern as most aquifers are used for domestic water supply purposes and in some cases, marketed as sachet or bottled water. Groundwater in major cities of Nigeria is exposed to active pollution arising from urbanization and indiscriminate waste disposal, since these cities are without organized sanitary waste disposal system while existing landfills are poorly planned and maintained.
Materials and Methods

Study Area Location
Abuja is Nigeria's Federal Capital Territory and lies approximately between longitudes 6°46′E to 7°37′E and Latitudes 8°21′N to 9°18′N (Figure 1 ). It is bounded in the east by Nasarawa State, north by Kaduna State, west by Niger State and south by Kogi State.
Relief and Drainage
The topography of the Abuja is varied with the lowest elevations in the extreme southwest at the floodplains of the River Gurara, about 76 m above sea level and it rises irregularly northwestwards to a height of 760 m above sea level. There are numerous hills that occur in the area but the Zuma rock stands out clearly on its own as the most conspicuous Inselberg at the boundary of the Abuja with Niger State. The Inselberg, landscape and extensive plains found between hills, dominate the study area. The rivers take their source from the hills in the northeast and flows to the southwestern. The two major rivers are the River Gurara and River Usman, which join at Nyimbo village to form a tributary of River Niger in the south (Figure 2 ). The area records its highest temperature of about 34 ℃ during the dry season, which occurs from November to March. During the rainy season April to October, the maximum temperature drops to about 24 ℃ due to the dense cloud cover (McCurry, 1985) . Human sensibility to these temperatures is greatly affected by the relative humidity. During the dry season, relative humidity falls in the afternoon. The annual total rainfall is in the range of 1100mm to 1600mm (Ajibade & Wright, 1988) . Two major types of vegetation, namely, forest and savanna, are found within Abuja. The forest is predominantly of woody plants, in which grasses are virtually absent.
Geology and Hydrogeology of the Area
The geology and hydrogeology of the study area has been described by many workers, including Ajibade (1976 ), Grant (1978 ), McCurry (1985 and Ajibade and Woakes (1983) . The study area is underlain by Precambrian rocks of the Nigerian Basement Complex which cover about 85 % of the land surface and cretaceous sedimentary rocks belonging to the Bida Basin which cover the remaining 15 % (Figure 3) . From the geological mapping carried out, the major lithologic units found are: migmatite-gneiss; older granites; Meta-sediments (mainly schist, phyllite and quartzite) and Bida sandstones.
Sampling
A total of 60 groundwater samples were collected (Figure 3 ) in two regimes (dry and rainy season). Forty samples were collected at various locations during the dry season (April) while twenty samples were collected in the rainy season (September) at different sampling points in 2009. Collected water samples were stored in sealed polythene bags and transported to the laboratory for pre-treatment and analyses while physical parameters were determined in the field according to APHA (1995) analytical standard. The cations were determined using ICP-OES Spectro Cirros while anions were analyzed with ion chromatography (Dionex DX-120) at Activation Laboratory (Actlabs), Canada. 
Results and Discussion
The pH values ranges from 4.42 to 7.54 with a mean value of 6.11 for the dry season and 4.50 to 6.70 with an average value of 6.44 for the rainy season. The pH values indicate a slightly acidic to neutral condition. The concentration of nitrate varies from 0.30 mg/l to 33.90 mg/l with an average value of 5.14 mg/l for the dry season and 0.40 mg/l to 63.90 mg/l with a mean value of 14.40 mg/l in the rainy season. It can be observed from the results that the mean concentration of nitrate and other parameters are lower in dry season compared to the rainy season. This can be attributed to the heavy municipal run-off and high rate of infiltration of leachate through the overburden into the perched shallow aquifers in the area that are recorded during the rainy season. The mean concentration of total dissolved solids (TDS) and electrical conductivity (EC) were also higher in rainy season compared to the dry season as observed earlier, which is also attributed to municipal run-off and or dissolution of bedrock in the course of groundwater migration. A strong positive correlation (< 0.01 level) exist between NO 3 and other parameters (EC, TDS, Ca, K, Cl and SO 4 ) as illustrated in Table 1 .
The relationship between NO 3 and Cl during both seasons is relatively strong with a value of r = 0.94, which is a clear indication of common anthropogenic sources. Piskin, (1973) as well as Ritter and Chimside, (1984) pointed out that in any analysis, if the correlation coefficient of NO 3 and Cl is greater than 0.35, it implies that municipal waste is likely the source of pollution. This is true for samples collected from locations with poor on-site sanitation as demonstrated in plates 1 and 2. It suggests a common origin or source which can either be natural via weathering/dissolution of bedrock or artificial through human activities. The influence of bedrock dissolution in groundwater quality is illustrated in (figures 4a and 4b) , where nitrate concentration vary with lithology. This lead to the determination of nitrate concentration maps for both dry and rainy season for the area as shown in figures 5a and 5b.
Many epidemiological studies have shown strong positive correlation between exposure to nitrate and cancer risk. Nitrate in drinking water has been correlated with gastric cancer risk in Colombia and England while exposure to nitrate-containing fertilizers is linked to gastric cancer mortality in Chile (Canter, 1996) . Nitrate itself is not directly carcinogenic but when converted to nitrite in the human body, it reacts with secondary and tertiary amines to form nitrosamines which have been identified as a potent carcinogen (Staudt, 2003) . Other human effects caused by high nitrate intake are hypertension, the 'hot-dog' headache, congenital malformation www.ccsenet.org/ijc
International Journal of Chemistry Vol. 4, No. 3; 2012 108 and spontaneous abortion (Spalding & Exner, 1993) . It has also been confirmed that chronic exposure to high level of nitrate in drinking water have adverse effects on the cardiovascular system and blood disorder (Bowman, 1994) as well as reduction in metabolic activities and thyroid malfunction (WHO, 2006) . The deleterious health and socio-economic effects of nitrate in drinking water sources are generating a serious concern in urban and rural communities. It is therefore imperative to develop groundwater nitrate management strategy, particularly for understanding the pollution processes and the role of the unsaturated zone in groundwater protection. A groundwater protection strategy should comprise a two-fold approach: legislation and enforcement for pollution control and for minimizing nitrogenous inputs to the environment which can be complimented by public mobilization and enlightenment programme.
Conclusion
The occurrence and distribution of nitrate in Abuja waters have been described and illustrated in this paper. The elevated nitrate content of the groundwater is partly attributable to geologic factors but more importantly are the anthropogenic sources, particularly indiscriminate waste disposal and agricultural practices. High concentration of nitrate in drinking water constitutes a number of health hazards in humans and livestock. Water treatment by bio-denitrification and nitrate pollution control programs should be introduced at local, state and federal levels in order to create awareness on the need to protect groundwater against nitrate pollution caused by agricultural activity and indiscriminate dumping of domestic and industrial wastes.
